Abstract. The Super Dual Auroral Radar Network (SuperDARN) of over-the-horizon HF radars forms a powerful diagnostic of large-scale ionospheric and magnetospheric dynamics in the Northern and Southern Hemispheres. Currently, the ground location of the HF radar returns is routinely determined by a simple range-finding algorithm, which takes no account of the prevailing HF propagation conditions. This is in spite of the fact that both direct E and F region backscatter and 11/2-hop E and F region backscatter are commonly used in geophysical interpretation of the data. Here HF radar backscatter which has been artificially induced by the high-power RF facility (ionospheric heater) operated by the European Incoherent Scatter Scientific Association at Troms0 •s used to provide a range calibration for the SuperDARN radars. The known ground range, the measured radar slant range, and the group path calculated by a ray-tracing simulation are compared. The standard algorithm for backscatter ground range location is found to be accurate to within 16 km and 60 km for direct and 11/2-hop backscatter, respectively.
(1/2-hop) propagation to E and F region ionospheric irregularities and ll/2-hop propagation to both the E and F region commonly observed by the radar systems. Previous studies have adopted a ray-tracing simulation [Villain et al., 1984; Baker et al., 1986] backscatter is a crucial element in the study. In addition, spacecraft overpasses, where the magnetic conjugate points are computed to a high precision using geomagnetic field models, require high accuracy in the ].
In this paper, HF radar backscatter which has been artificially induced at a precisely known location by the high-power RF facility (ionospheric heater) operated by the European Incoherent Scatter (EISCAT) Scientific Association at Troms0 is used to provide a range calibration for the Super Dual Auroral Radar Network (SuperDARN) radars. The known ground range, the measured radar slant range, and the group path calculated from a ray-tracing simulation are compared. This demonstrates an excellent agreement between the measured radar slant range and the calculated group path and allows the quantification of the deduced range accuracy to be made for 1/2-, 11/2 -and 21/2-hop backscatter modes over paths of -850 and -1800 km.
Instrumentation
The data presented here result from the generation of artificial ionospheric HF coherent backscatter. It is well known that the EISCAT heating facility at Troms0, Norway [Rietveld et al., 1993] , is capable of generating artificial field-aligned irregularities using high-power HF radio waves [e.g., Robinson, 1989] 
Hankasalmi Radar Performance
In order to assess the performance of the radar system range evaluation the data from the interval presented in Table 2. backscatter, the main heater signature being located at apparent longitudes of 22ø-23øE, and the farther range scatter being located at apparent longitudes of 29ø-30øE. The entire data set is plotted in Figure 3b , showing a peak occurrence at 23øE, where over 3600 datapoints have been accumulated.
Ray-tracing Simulation
In order to gain a more detailed understanding of the propagation conditions .prevailing during the experiment of October 15 1998, a ray-tracing simulation has been undertaken. A modified version of the ray-tracing code developed by Jones and Stephenson [1975] has been used in which the angle between the k vector and the magnetic field has been used to identify regions where backscatter is likely to occur in the presence of density irregularities. An example ionogram from the Troms½ dynasonde is illustrated in Figure 4 , together with a real height profile, as calculated by the Polan inversion algorithm, and the two-o•-Chapman-layer model which was used in the ray-tracing simulation. The critical frequencies of the two layers have been determined from the ionosonde measurements, and the ionospheric parameters for the two o•-Chapman layers employed in the simulation are given in Table 2 . The critical and scale heights of the layers have also been chosen to be in 
Two-and-One-Half-Hop Path Propagation
The second population of artificial scatter observed from the Pykkvibaer radar at farther range gates was observed with radar elevation angles of-31 ø. A ray trace for this situation is presented in Plate 2c. The HF rays again achieve orthogonality at ground ranges of -1800 km, and thus the propagation path for this scatter can again be determined with confidence. The parameters deduced for this propagation path are summarized in Table 3 
Summary
An evaluation of the absolute range finding accuracy of current routine analysis of the SuperDARN network of over-the-horizon HF radars has been performed, comparing ground range, calculated group path, and measured radar slant range of backscatter artificially excited at a known location by the EISCAT heating facility at Troms0. HF propagation over a 1/2-hop path, a 11/2-hop path, and a 21/2-hop path has been examined for the first time. The radar slant range and the calculated group paths are in excellent agreement for all three paths. The standard algorithm for backscatter ground range location is found to be accurate to within 16 km and 114 km for 1/2-hop and l l/2-hop backscatter, respectively, when using the true backscatter height, and these range offsets are extremely consistent. Using an assumed backscatter height of 200-300 km for 1/2-hop paths thus gives an accurate range determination, to within -15 km, as suggested by Andrd et al. [1997] . The standard assumption of 400 km height for far range backscatter reduces the error for 11/2-hop backscatter to 60 km, but the adoption of an additional range offset of 60 km (or the adoption of an assumed backscatter altitude of 500 km) seems desirable for 11/2-hop paths. Two-and-onehalf-hop paths, although not seen in practice, would introduce significant range errors, and suggest that highelevation-angle backscatter should be interpreted with caution.
